Evolution of the pit morphology. In the Stranski-Krastanow (SK) growth mode a Ge wetting layer evolves first on which later the islands nucleate. In case of prepatterned substrates the process of island nucleation is more complex than for planar substrates. Depending on the periodicity of the pattern, the size of the pits, and the amount of Si for the buffer growth, a varying number of Ge monolayers has to be deposited until the first islands are observed. The patterning process (lithography and reactive ion etching) results in approximately circular holes with diameters up to 380 nm and depths ranging from 60 to 100 nm (figure S1a). First a Si-buffer layer is grown to bury point defects induced by the reactive ion etching step resulting in a multifaceted pit [1] ,see figure S1b. As seen in the surface orientation map (SOM) in the inset, the pit walls are defined by {0 0 1}, shallow {1 1 n} with an inclination angle of 8-10 • , {1 1 3}, and {15 3 23} facets. The first few monolayers of Ge that follow the buffer growth are incorporated in the wetting layer and also intermix with the Si buffer, as explained in the main text. In figure S1c AFM data of a sample after the subsequent deposition of 3.5 ML of Ge is shown. No islands are observed at this point, but the inverted dome shape has evolved into a shallow inverted pyramid defined by {1 0 5} facets, which are characteristic for SiGe alloys [2] . In figure S1d this sample is shown after etching with BPA solution [3, 4] , a mixture of HF:H 2 O 2 :CH 3 COOH, which removes SiGe alloys. Depending on the duration of the etching process, it stops at Ge contents of approximately 5 to 10%. Left behind is a shape (see figure S1d) similar to the inverted dome shown in figure S1b.
Sample Parameters
The parameters are summarized in table S1. Given are the diameter of the circular pattern holes in the Si substrate (with a period of 500 × 500 nm 2 ), their initial depth, the amounts of deposited Si (as buffer-layer) and of Ge, the resulting island shape and the aspect ratio (radius vs. diameter) of the islands. The depth of the pattern holes was increased if larger amounts of Ge were to be deposited, and at the same time more Si was deposited for the buffer. We observed barns (second cycle), domes (onset of third growth cycle), and steep cupolas (third cycle), which have the highest aspect ratio. Figure S1 : AFM image of the sample surface after the patterning process (a). After overgrowth with a 50 nm Si buffer layer the circular holes evolve into multifaceted inverted domes (b). Subsequent overgrowth with 3.5 ML Ge at 720 • C converts the shape of the pit to a shallow inverted pyramid (c) defined by {1 0 5 } sidewalls. These are the pit facets we can observe on samples with islands. Etching with BPA which removes the SiGe alloy again uncovers the inverted dome shape (d) similar to the one after Si-buffer growth.
sample diameter (nm) depth (nm) Si (nm) Ge ( Table S1 : Summary of the sample growth parameters.
XRD Measurements
XRD measurements were performed at beamline P08 (Petra III, DESY, Hamburg) [5] . This specific beamline is dedicated to experiments requiring a high resolution in reciprocal space. Reciprocal space maps (RSM) around the vicinity of the (004) and (224) Si Bragg peaks were recorded by performing ω − 2θ-relative scans (where ω denotes the angle between the incident beam and sample surface and θ is the Bragg angle) [6] . The integration time per step was 20 sec-onds, the stepwidth 0.005 • for ω and 0.01 • for 2θ. RSMs include both the Si bulk signal as well as the SiGe island signal. The reciprocal space coordinates Q x and Q z (given in the unitsÅ −1 ) are obtained as following: Figure S2 and figure S3 represent more detailed images of the RSMs on a sample containing barn-shaped islands (Ge coverage 19 ML). Figure S2 : High resolution RSM of a sample containing barn-shaped SiGe islands resulting from 19 ML Ge. Here, a map around the (004) Si peak is shown including the SiGe island signal. The fine oscillations highlighted in the inset are a result from the lateral pattern periodicity of 500 nm. The bright streak crossing the Si signal is the so-called detector streak, an artifact due to increased air-scattering when the goniometer angles pass the position of the intense Bragg peak. Streaks modulating the satellite intensity around the Si substrate peak are due to the shallow facets forming the pit.
TEM sample preparation:
TEM-specimens were cut parallel to a 0 1 1 orientation by a focused ion beam (FIB) device using a ZEISS Cross Beam 1540. First, lamellae thicker than the dot structure period were cut and transferred by a micromanipulator needle to a TEM copper grid. The samples were polished by the ion beam from one side until approaching a dot row at the surface and then thinned from the back to a thickness of 150-200nm. The orientation of the finished lamella is slightly rotated with respect to the crystallographic [1 1 0] direction of the sample in order to locate cuts which are situated perfectly at the center of dots. Amorphous layers induced by the 30keV ion beam were thinned by using low energy Ga ion sputtering with energies down to 5 keV. The final lamellae were grinded down to approximately 40 nm thickness, including about 5 nm of amorphous layers on both sides, respectively.
FEM Models
FEM models were set up with the exact geometries for each individual sample obtained from AFM and TEM investigations. Not only the experimentally determined aspect ratios (given as island height/diameter, see table S1), but also the facet sets found for the respective samples have been modeled. Due to the periodicity of the sample pattern it is sufficient for the model to contain just one geometric 'unit cell' of the sample pattern to represent the entire sample; periodic boundary conditions are used for the side walls of the substrate model block. The model geometry consists of three main parts as shown in figure S4a): (i) a substrate block with the pit, (ii) an inverted pyramid partly filling up the pit, and (iii) the multifacetted upper part of the island, i.e., the real island is split in the models into parts (ii) and (iii). The substrate block has a side-length of 500 nm corresponding to the periodicity of the pattern. The top surface of the substrate block is defined either by {1 0 5} or {1 0 8} facets, depending on which ones were found for the respective sample from AFM and streaks in the XRD pattern. As those shallow pit surfaces usually consist of microfacets [2] , the inclination angles can vary slightly. Figure S4 : Sketch of the simulation process. First, the geometry for the FEM model is set up based on the AFM investigations (a), next the Ge content is defined (b). Starting parameters for the gradient can be extracted from the XRD measurements as well as from profiles determined by selective etching. After the model is solved, various parameters can be extracted, such as the strain distribution. The model serves as input for simulations of the diffracted X-ray intensities and the calculated maps are compared to the experimental data (c) iteratively until a sufficient match is achieved.
The Ge gradient was defined via distribution functions in all three parts of the model geometry. Ge profiles obtained by a combination of selective wet-chemical etching and AFM scans [7] of comparable samples revealed a rather Ge-rich core, followed by a Ge-poor middle section and a Ge-rich shell [8] . This scheme was adapted for the setup of the Ge distributions of the FEM models discussed here (figure S4b). Regions of low Ge-content below the island in the substrate block were defined via a separate distribution function. As the volumes that effectively contain rather low contents of Ge vary from sample to sample, they were not taken into account when calculating the average Ge content of the SiGe island given in the main part of the paper.
The strain fields obtained from the FEM calculations are used as input to perform XRD simulations, which are compared to the experimental data. The Ge gradient of each model island is refined until a good fit between calculated and experimental XRD data is achieved, as shown in figure S5 .
Island geometries
Each type of island mentioned in the main article is defined by a characteristic set of facets and its aspect ratio (height divided by the diameter of the island). In the SiGe system the first islands that evolve are hut clusters followed by pyramids, both are shallow structures defined by {1 0 5} facets (aspect ratio of up to 0.1). The next step in island evolution are domes with a larger aspect ratio of 0.2. Domes feature several facet sets such as {1 0 5}, {1 1 3}, {15 3 23} and eventually a {0 0 1} top facet. The so called barns have a higher aspect ratio around 0.3. The facet sets typical for barn-shaped islands are {1 0 5}, {1 1 3}, {15 3 23}, {20 4 23}, {23 4 20} and {1 1 1}. In case of barns with lower aspect ratio (15 and 19 ML sample discussed in the main article), the {23 4 20} facet is missing. Model geometry of the "steep cupola" islands: Cupola islands were reported recently on flat Si (001) substrates. They were obtained by using high growth temperatures of 900 • C resulting in low Ge contents in [9] . The reported facets were {1 0 5}, {5 3 15}, {1 1 3}, {15 3 23}, {5 5 8}, {20 4 23}, {3 1 3}, {23 4 20}, {7 1 5}, {1 1 1}, {3 2 2} and {12 3 5}. The latter has an inclination angle of 68 • with respect to the (001) surface. The cupola islands found on the patterned substrates discussed here feature even steeper facets/surfaces with an inclination of approximately 80 • . These steep cupola islands are composed of the following facet sets: {1 0 5}, {1 1 3}, {15 3 23}, {20 4 23}, {23 4 20}, {1 1 1}, {12 3 5} and the newly introduced {4 4 1} facets (see figure S6) . In table S2 the sample parameters used for the FEM model and the results of the FEM calculations are summarized. The averaged values for the strain tensor components as well as the Ge content were obtained by integrating over the volume of the SiGe island and the shallow inverted pyramid filling the pit below the island, as described above. Table S2 : Sample parameters as used for the FEM models, average values for Ge contents, in-plane ε and out-of-plane strains ε zz . Figure S5 : Fit between experimental reciprocal space maps around (004) and (224) Bragg peaks (colorplot) and according simulations based on the FEM models (overlaid contours).
